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Timing of life-cycle events 

of plants and animals: 

Causes and consequences

Phenology



“Phenology…is perhaps the simplest process in 

which to track changes in the ecology of species 

in response to climate change.” (IPCC 2007)

http://www.science.psu.edu/alert/photos/miscphotos/PostCaribou1.jpg
http://en.wikipedia.org/wiki/File:Loggerhead_Sea_Turtle.jpg


• Easy to observe

• Sensitive to environmental variation

• Scales from 'leaf to globe'

• Linked to most aspects of ecosystems

http://www.science.psu.edu/alert/photos/miscphotos/PostCaribou1.jpg
http://en.wikipedia.org/wiki/File:Loggerhead_Sea_Turtle.jpg


Fotolia

Steve Scott

Field skipper:  1 day/year

Red admiral:  1 day/year

Forister and Shapiro 2003 GCB

Art Shapiro’s butterfly world

Butterfly population trends

• 34 years (1972-2006)

• 5,476 site-visits

• 83,000 records

• 159 butterfly species

“23 species in Central Valley

average 24 days earlier”



Response depends on the type of organism

Parmesan 2007 GCB
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English Oak

Winter Moth

Pied Flycatcher Both et al. 2006 Nature

EARLIER

SAME TIME 

EACH YEAR

EARLIER

A three-way 

mismatch
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• Science  

• Predictive services

• Health

• Resource mgmt

• Conservation 

• Agriculture

• Ecosystem services

• Recreation

Impacts, vulnerability, decision-making, forecasting

http://images.google.com/imgres?imgurl=http://static-p3.fotolia.com/jpg/00/10/88/86/400_F_10888643_loEOjCRBdtQamwbPMoZl2uAYlSEQhMXI.jpg&imgrefurl=http://en.fotolia.com/id/10888643&usg=__xnfsOkmEUMM6NZ61zzO0FHcDc6Y=&h=268&w=400&sz=53&hl=en&start=10&sig2=nKPpCtDhIoHYoV2YDElqXQ&um=1&tbnid=fMWWvxgjU_CguM:&tbnh=83&tbnw=124&prev=/images%3Fq%3Dcascading%2Bstream%2Bimages%26hl%3Den%26rls%3Dcom.microsoft:en-us:IE-SearchBox%26rlz%3D1I7SKPB_en%26sa%3DX%26um%3D1&ei=la8CS8GeDI-qlAewr8x7
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Predicting frequency of large forest fires
# fires > 400 ha in SW US, 1970-2003, vs CT and vs SI

Phenology
SI (lilac & honeysuckle)

Streamflow
CT (center of mass)
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Westerling, Schwartz & Betancourt, in prep.



Willis et al. 2008 PNAS

Moller et al. 2008 PNAS

Willis et al. 2010 PLOS Biology

Ozgul et al. 2010 Nature 

Hulme 2011 New Phyt.

Change in phenology
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Predicting vulnerability, 

invasions and distributions



Courtesy Julio Betancourt

Determine timing of 

management activities
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A new data resource—a national network of

integrated phenological observations across 

space and time

Key Goal

Understand how plants, animals and landscapes 

respond to environmental variation and climate change



• Develop a national phenology information management 

system

• Develop partnerships for implementation

• Facilitate phenology science and research

• Facilitate development of decision support tools

• Conduct and facilitate education and outreach

• Develop a national phenology monitoring system

Core functions
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Event

Activity Reproduction Development

Day of year

Phenology Monitoring Methods

Status & 
Abundance

Status



Plants and pollinators - Event

Day of year

M. ciliata

Miller-Rushing and Inouye. 2009. American Journal of Botany

M. fusiformis



Day of year

Miller-Rushing and Inouye. 2009. American Journal of Botany

M. ciliataM. fusiformis

Plants and pollinators - Status



Day of year

N
u

m
b

er
 o

f 
fl

o
w

er
s

Miller-Rushing and Inouye. 2009. American Journal of Botany

M. ciliataM. fusiformis

Plants and pollinators - Status + Abundance
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Resource gaps for pollinators

Miller-Rushing and Inouye. 2009. American Journal of Botany

Gap

M. ciliataM. fusiformis

?



• Go to www.usanpn.org

∙ 250 plant species

∙ 160 animal species

∙ Status + abundance

∙ Core protocols

• 300 new plant species

• User profiles

• Shared sites

a project of the USA-NPN

Coming soon

Metadata: method used, effort reporting, condition of site & organism



www.usanpn.org/results/data

Real-time data now available



http://www.usanpn.org/results/visualizations

Real-time visualization tools



Nationally distributed observation sites

3160 observers at 4412 sites observing 5459 organisms

418731 records from 76304 observations 2/11



Integration with climatological data



Species-specific queries and animations



Data exploration and comparison
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Key sponsors and collaborators…

The Great 

Sunflower Project

http://www.fws.gov/
http://wilderness.org/
http://www.neoninc.org/


• Link I & M, Research Learning Centers, 

staff and volunteers

• Monitor phenology at 13 NPS units

• Test and evaluate multiple methods 

• Develop SOPs and full NPS Protocol

• Expand to include regional partners



• Develop framework for network

• Monitoring at all 19 NPS units

• Formalize species selection process

• Collaboration to develop protocols

• Education and outreach tools

• Engage citizens in data collection

• Ensure data stewardship

• Document legacy phenology datasets

• Expand to include regional partners



www.usanpn.org


